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382a Monday, February 17, 2014elucidate the distinct roles of different GABAAR isoforms within a neural
circuit, tools allowing precise and specific control over the target receptors
are required. Here we present a series of light-regulated GABAA receptors
(LiGABARs) for studying different GABAAR a-isoforms in the nervous sys-
tem. Each a-subunit of the LiGABAR is installed a photo-switchable antag-
onist near the GABA-binding pocket. The installed antagonist, which
contains an azobenzene core, reversibly isomerizes to trans and cis configu-
rations in response to 500-nm and 380-nm lights, respectively. This photoi-
somerization allows lights to turn off and restore the receptor activity by
advancing and withdrawing the antagonist. LiGABARs can be employed
in neurons to enable optical control of neural inhibition. For instance, in
cortical neurons containing a1-LiGABAR, light switching can cause a
~60% change in the amplitude of the evoked inhibitory postsynaptic current.
The target specificity and the spatiotemporal precision offered by optical
control make LiGABARs a promising toolset for in-depth investigations of
GABAergic transmission.
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Optical control of voltage-gated ion channels offers a potentially flexible and
inexpensive alternative to patch clamp systems in large-scale compound library
characterization. Toward this end, we have engineered HEK293 cells to express
a multi-component system conferring precise iterative control over heterolo-
gously expressed sodium channels including Nav1.5 and Nav1.7. In combina-
tion with sodium channels, balanced expression of an inwardly-rectifying
potassium channel plus the Light-gated Glutamate Receptor (LiGluR) has
yielded cell lines that maintain resting potentials around 90 mV and can be
rapidly depolarized and repolarized via exposure to millisecond 390 nm and
490 nm light pulses, respectively. Prolonged incremental depolarizations in
response to varying 390 nm light pulse duration are also possible due to the
‘‘latching’’ property of LiGluR in the presence of concanavlin A, enabling a
range of sodium channel assay modes. Here, we demonstrate light-controlled
protocols capable of discriminating among closed-state, inactivated-state, and
use-dependent sodium channel inhibitors, and illustrate the use of voltage-
step control in measuring channel voltage gating. We also present progress to-
ward pairing these cell lines with voltage-sensitive dyes and extracellular field
recording methods compatible with prospective or modified multiwell instru-
mentation systems.
Supported by NIH grant R44 GM087755.
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Genetically encoded voltage indicators can be used to optically monitor elec-
trical activity from genetically distinct populations of neurons. Recent re-
ports have demonstrated that the FP voltage sensor ArcLight can be used
to study intact neural circuits in Drosophila and C. elegans. The first goal
of the present study was to evaluate ArcLight as a reporter of electrical ac-
tivity in the in vivo mouse olfactory bulb using wide-field and 2-photon im-
aging. The second goal was to selectively target ArcLight to mitral/tufted
cells to record the output response of the olfactory bulb. In one set of exper-
iments, an AAV1 vector was used to express ArcLight in the mouse olfactory
bulb. In another set of experiments, a floxed version of the AAV1 vector was
used in Pcdh21-Cre transgenic mice to selectively target mitral/tufted cells.
Odors were presented at different durations and concentrations and the re-
sulting patterns of activation were imaged. ArcLight had sufficient signal
size to detect odor evoked responses in single trials using wide-field or
2-photon imaging. Wide-field recordings revealed that ArcLight but not
GCaMP3 had sufficient temporal kinetics to clearly distinguish activity eli-
cited by individual breaths of an odor. ArcLight was successfully targeted
to mitral/tufted cells using Cre-Lox recombination, and odor-evoked signals
were measured. The results indicate that ArcLight can be used to monitor
electrical activity of genetically distinct cell types in an in vivo mammalian
preparation.
Supported by: US NIH Grants DC005259, Grant WCI 2009-003 from the
National Research Foundation of Korea, a James Hudson Brown - AlexanderBrown Coxe Fellowship from Yale University, and a Ruth L. Kirschstein
National Research Service Award F32DC012981-01A1.
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Fluorescent proteins have been widely used for imaging while other light-
absorbing domains have been used for optical control of protein localization
or activity. We recently discovered that a tetrameric variant of the photo-
chromic green fluorescent protein Dronpa exhibits light-mediated dissociation
and association, and demonstrated that fluorescent proteins can also be used for
reversible optical control of protein activity. We also developed a general
design for fluorescent light-inducible proteins (FLiPs) in which a protein
domain of interest is fused to two copies of Dronpa (one on each end), so
that formation of the Dronpa tetramer occludes the domain of interest at base-
line. To simplify the design, we now aim to develop a dimeric form of Dronpa
that also exhibits light-mediated dissociation and association. Through
structure-guided rational mutagenesis, we have created two dimeric mutants
that show robust light-mediated dissociation and reassociation. We compare
dimeric and tetrameric forms of Dronpa in photoswitching kinetics and in per-
formance in optical control of protein activity. Using biochemical assays, we
also confirm that protein domains of interest within FLiP constructs are
occluded from their interaction partners in the pre-illuminated state and this oc-
clusion is relieved by illumination. Our light-regulated Dronpa dimer confirms
the utility of fluorescent proteins as optical control elements and the mechanism
of action of the FLiP design.
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Using the temperature sensitive of the fluorescence of GFP, we record the local
temperature inside magnetotactic bacteria. These bacteria use magnetosomes -
membrane and protein enclosed magnetite crystals - for navigating along the
earth magnetic field lines. Upon purification, suspensions of magnetosomes
are found to be highly effective heaters while subject to radio frequency mag-
netic field, yielding larger Specific Absorption Rates (SAR) than most of the
common ferrofluids, making magnetosomes ideal candidate for application
in magnetic field induced cell stimulation or hyperthermia cancer treatment.
In the wild-type bacteria the magnetosomes are aligned in well-ordered chains,
but mutants are available with different spatial arrangement or crystal size. We
demonstrate that GFP fused to a magnetosome protein MamC may function as
a molecular-scale temperature probe, and show that wild type magnetosomes
raise the local temperature around the magnetosome membrane significantly,
upon application of radio frequency magnetic field. The heating is confined
to the vicinity of the magnetosomes, as the mutant strain producing the
same magnetosomes but expressing a cytosolic GFP does not show heating
of the entire cytosol. This approach enables us to study the effect of different
spatial arrangement and nano-crystal size on the RF magnetic field induced
heating directly in the individual bacteria, and to screen for more efficiently
heating mutations. Finite element simulation is performed to understand the
relation between spatial arrangement of magnetosomes and their heating
efficiency.
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Optogenetic methods have contributed substantially to the experimental
analysis of neural function and behavior. In the nematode Caenorhabditis
elegans, a commonly used model organism for studying neural circuits,
optogenetic stimulation of several neuromuscular networks has induced iden-
tical behavioral responses to those resulting from mechanical stimulation.
This has lead to the acceptance of optogenetic methods as physiologically
relevant stimuli. Despite the similarities in macroscopic phenomenology,
Monday, February 17, 2014 383athe calcium signal in downstream neurons resulting from optogenetic stimu-
lation has yet to be investigated and compared to the calcium signal in down-
stream neurons resulting from environmental stimulation. The optogenetic
channel, channelrhodopsin-2, will be expressed under the control of the
mec-4 sensory neuron promoter in C. elegans. Additionally, a synthetic cal-
cium sensor, RCaMP1h, will be expressed separately under the control of a
specific downstream interneuron promoter, dbl-1, in order to compare the cal-
cium signaling in this interneuron, AVA, resulting from optogenetic and me-
chanical stimulation. Using software we developed, these freely swimming
worms will be tracked and optogenetically stimulated using a light source
localized to the sensory neurons of interest. Traditional mechanical stimula-
tion with an eyelash will be carried out in tandem. The downstream calcium
responses observed during each stimulation will be compared to determine if
the optogenetic stimulation resulted in the same physiological response as
mechanical stimulation. This study will provide insight into the relevance
of optogenetics as a physiological probe of neural networks.
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Optogenetics is a fast-evolving technique that employs photoreceptors to
manipulate cellular activity with light. Most prominently, microbial rhodopsins
are expressed in neuronal cells allowing for light-induced regulation of their
respective membrane potential. While channelrhodopsin activation induces
membrane depolarization, thereby triggering action potential firing, the hyper-
polarizing effect of light-activated proton and chloride pumps is used for
neuronal silencing. In order to broaden the palette of optogenetic applications,
we aim for development of subcellularly targeted optogenetic actuators. These
might be applied to study intracellular processes that underly information pro-
cessing within and between neurons.
Here, we describe the design and characterization of ‘‘pHoenix’’, a fusion pro-
tein targeted to presynaptic vesicles. Following light application, pHoenix spe-
cifically triggers vesicular neurotransmitter uptake. Hence, expression of
pHoenix in cultured neurons together with classical electrophysiology allows
for correlation between presynaptic vesicular contents and respective postsyn-
aptic responses. Moreover, pHoenix activation in combination with vesicular
pH imaging might be used to study the kinetics of the underlying biochemical
processes. Our results show how targeting of optogenetic actuators is crucial to
decipher compartment-specific, cellular machineries that cannot be analyzed
by global activation/inhibition of neurons.
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Optogenetics is an emerging technology that combines optics and genetics to
remotely and precisely control individual cells in a living tissue. Due to the
high spatial and temporal resolution, this innovative approach has been
widely employed in the field of neuroscience to manipulate the electrical
activity of various types of neuron cells. However, its application in the study
and therapy of cardiovascular diseases is still in the infancy. In this work,
primary cultures of neonatal rat ventricular myocytes (NRVMs) were infected
with lentivirus containing the channelrhodopsin (ChR2) gene (teto-FUW-
ChR2-eYFP) and paced with short pulses of LED light (wavelength
475 nm) delivered via optical fibers of various diameters (from 0.3 to
1mm). Wave propagation induced by optical pacing was monitored using a
Vm-sensitive dye and a photodiode optical mapping system. Parameters of
excitation waves induced by optical pulses were compared with those ones
induced by electrical pacing. Our data showed that ChR2 protein can be sta-
bly and homogeneously expressed on the cell membrane of NRVMs without
significantly affecting cell shape and monolayer confluence. The ChR2-
expressing cultures could be paced by light pulses at varying frequencies
(from 0.25 to 4Hz), using even the smallest 0.3-mm optical fibers, suggestingthe high light sensitivity of ChR2 in NRVM cells. In addition, optical Vm
mapping showed that key parameters of excitation waves (e.g., shape of op-
tical action potentials and conduction velocity) induced by light pulses were
similar to that ones induced by electrical stimulation. These results demon-
strate the feasibility of optical pacing and simultaneous optical Vm mapping
in ChR2-expressing NVRM monolayers, and lay a foundation for the devel-
opment of novel optical-based pacing devices.
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The b-cell is a subunit of the Islet of Langerhans, a micro-organ of the
pancreas which maintains glucose homeostasis. This endocrine cell senses
changes in blood glucose levels and releases the hormone insulin. An electro-
physiological process governing insulin release occurs through initial uptake
of blood glucose and generation of ATP which binds the K-ATP channel
causing inhibition and subsequent membrane depolarization. Influx of cal-
cium from voltage-gated channels then interact with insulin secretory vesicles
to promote exocystosis into the blood stream. In order to directly influence
calcium dynamics, insulin release, and to study the electrophysical properties
of the b-cell we used Channelrhodopsin-2 (ChR2), a light activated cation
channel capable of creating membrane depolarization with light stimulation.
Transient transfection of the MIN6 b-cell line using ChR2-YFP was carried
out followed by calcium imaging using Fura2-AM. Following ChR2 stimula-
tion at 490nm we observed local depolarization events in positively trans-
fected cells. We demonstrated the creation of new oscillatory behavior at
high glucose levels that can be set at specified frequencies and demonstrate
that ChR2 can be used to overcome disruption in the K-ATP channel.
Next, we isolated intact islets from a mouse model with b-cell specific
expression of ChR2-YFP. We demonstrated global depolarization events
upon ChR2 stimulation and performed insulin secretion assays to demonstrate
enhanced insulin secretion. In addition, a computational multi-cellular islet
model including ChR2 was used for comparison between in-vitro and in-
silico experiments. This work demonstrates the ability of cell-specific electro-
physiological control in the islet of Langerhans which will give further
insight into b-cell behavior. Future work will include analyzing local depolar-
ization on global islet behavior, examining the effect of ChR2 on islet-islet
coupling, and developing an in-vivo model; which will include testing the
feasibility for reversing diabetes.
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The striatum is the main input nucleus of the basal ganglia. It receives excit-
atory inputs from the cortex and the thalamus that predominantly target the
medium-sized spiny neurons (MSNs), the main neuronal cell-type and the
projection neurons of the striatum. MSNs are divided in two subpopulations.
A simplified model of the basal ganglia circuit proposes that the so-called
‘‘direct pathway’’ facilitates movements via the dMSNs, while the so-
called ‘‘indirect pathway’’ terminates or suppresses movements via the
iMSNs. Imbalances in the activity of both pathways are thought to have
an effect on numerous movement disorders. Therefore, the output of the
striatum is dependent upon which MSN type is stimulated, but also on their
respective firing rate. These firing rates are themselves controlled by feedfor-
ward inhibition from local interneurons which is largely mediated by parval-
bumin (PV)-expressing fast-spiking interneurons (FSIs). They inhibit to both
direct and indirect pathway MSNs and are also interconnected with each
other via electrical and chemical synapses. In order to understand how activ-
ity is regulated within the striatum, it is essential to understand the functional
connectivity between the different neuronal types. Further, it is relevant to
know whether feedforward inhibition differentially affect MSNs in the direct
or indirect pathway. In this study we focus on the GABAergic microcircuits
of the mouse striatum by investigating the target selectivity of striatal FSIs
using optogenetic techniques, which enable us to selectively stimulate
FSIs using pulses of 470 nm blue light. This approach is also combined
with electrophysiological measurements using patch clamp recordings in
acute brain slices. The inhibitory post-synaptic currents of both subpopula-
tions of MSNs due to striatal microcircuitry FSI activation are compared
in physiological and pathological models of chronic amphetamine/cocaine
administration.
